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Abstract 
The role of export, overseas development aid (ODA) and remittance inflows in relation to economic growth in Sudan is 
examined in this paper, for the periods of year 1977-2010 using the Johansen Cointegration technique within the 
augmented Solow-model approach. The results reveal that there is a long run positive relationship between growth, export 
and remittance, supporting the export-led growth and remittance-led growth hypotheses for Sudan, while aid-growth 
hypothesis is rejected. Thus, there is a need to manage and boost greater inflow of traditional capital such as aid and the 
contemporary capital like remittances, besides stimulating greater trade liberalization. 
 
 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and peer-review under responsibility of ICEBR 2013. 
 
Keywords: Export-led growth, aid-led growth, remittance-led growth, Sudan 
 
1. Introduction 
 
The main objective of every nation is to achieve economic growth. Neoclassical school of thought 
suggests that one of the major determinants of economic growth is export, where the expansion of exports can 
stimulate economic growth through several channels, first, trade openness shifts goods to sectors in which the 
economy has a comparative advantage thus increase efficiency. Second, in developing countries, these sectors  
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often use unskilled labour intensive; therefore this expansion will create huge job opportunities and improve 
income inequality and standard of living. Third, trade liberalisation attracts a higher inflow of foreign direct 
investment (FDI) and technology transfer (Krueger,1978; Ram, 1987).   
Until 1998, agriculture is the most important sector in Sudan, as it employs 80 per cent labour and 
contributes 45 per cent of GDP. 90 per cent of the total country’s exports are agricultural products such as 
crops and livestock. Nevertheless, during 2000s, Sudanese government focuses on oil exploitation, 
consequently oil exports has become major earnings where its accounts for between 70 per cent and 90 per 
cent of total export. Although most empirical evidence supports the export-led growth hypothesis, there is no 
overall consensus in this matter. While some economists believe that exports lead to higher economic growth 
(see, for examples, Ullah et al., 2009, and Aditya and Acharyya, 2012), other do not find much support for the 
export-led growth hypothesis (see, for example, Mah, 2005 and Pazim, 2009). 
 The political and economic instability since country’s independence in 1957, several civil wars, 
environmental degradation, poverty, famine and population displacement were among the major factors that 
lead to massive migration from Sudan to neighbouring countries (IOM, 2011).  Therefore, remittances 
become an important source of foreign exchange earnings, where Sudan receives significant amount of 
remittance, particularly during 1970s and 1980s. Remittances affect growth positively by accelerating the 
income of home countries, reducing credit constraint, stimulating local and foreign investment and enhancing 
human capital through education and health (Calero, 2008; Gupta et al., 2009). Nevertheless, Chami et al., 
2003, found that remittances affect growth negatively, as a high inflow of remittances had reduced an 
incentive to work, thus lower labour force participation and output growth.  Clearly the impact of remittances 
on growth is open to question. Many have found the empirical support for remittance-led growth hypotheses 
such as Anyanwu and Erhijakpor, 2010, and Ajayi et al., 2009, while studied done such as by Chami et al., 
2003 established the fact that there is very little evidence that remittances have contributed much to the 
economic growth of developing countries. 
   One of the most controversial questions is whether foreign aid is effective in leading to growth. Many 
empirical studies have found little evidence of a robust positive impact of aid on growth, such as by 
Doucouliagos and Paldam, 2009, and Kang et al., 2011.  Aid is often extended for non-economic reasons 
therefore, it rarely affects the economic performance of a country. Nevertheless, Dalgaard et al., 2004, 
believed that the effectiveness of aid as efficient mechanism in driving growth is the condition upon the 
geographical location of the country, where their results suggest that aid affects growth positively outside the 
tropics.  However, Clements et al., 2004, found that aid has a short-term impact on growth only.  
Even though Sudan has generated substantial domestic revenues since it began trading oil in 1999, it also 
has been among the world's leading beneficiary of official development assistance (ODA).  Between 2000-
2008, the total ODA to Sudan has risen by 1372 per cent, from USD 77.3 million to USD 1138 million 
(World Bank, 2012). Thus, it is imperative to explore the impacts of exports, remittances and ODA on 
Sudan’s economic growth, as the last two factors may slow the development of economic, political and social 
stability of a country by letting it to become dependent. This paper will contribute significantly to the 
literature by providing new evidence on the roles of exports, overseas development aid (ODA) and remittance 
inflows in relation to economic growth in Sudan as to the best of our knowledge, there are only a few studies 
and none of these studies employ Toda and Yamamoto, 1995, Granger causality test which is an innovative, 
more robust and more efficient estimation method for small sample and non-stationary data. The structure of 
this paper is as follows. Section 2 describes the research methodology, section 3 discusses the empirical 
results and section 4 concludes 
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2. Research Methodology  
 
The basic Solow growth model (1956) and its extension by Mankiw et al., 1992, in which the basic 
neoclassical Cobb-Douglas production function augmented with shift variables is used in this empirical paper. 
Thus, following Rao and Takirua, 2006, with constant returns and Hicks- neutral technical progress, the basic 
production function is: 
 
LtKtAtyt DD  1                               (1) 
 
where At is technology, t  is time, K  is capital and L is labour. The technological evolution thus is assumed 
by the Solow growth model as: 
 
       egTAAt 0                                                                                           (2)        
 
where A0 is the initial stock of knowledge. It is also assumed that: 
 
 ),,,( OPEN tX tODAtRtfAt                                                                                             (3) 
                                                                                                    
where R  is remittance, ODA is aid, X is export and OPEN is trade openness. Rearrange equation (1) and 
(3): 
  
LtKtOPENXODARy ttttt DD  1),,,(                     (4)     
 
 
3.    Data Collection Empirical Finding 
 
3.1  Data Collection  
 
     The annual time series data covered for the period of year 1977-2010 are obtained from World Bank 
Database.  Growth is proxied by the real Gross Domestic Product per capita (GDPpc ) while capital is 
proxied by real Gross fixed capital formation ( CAP ). According to Kumar (2011), labour ( LAB ) is 
calculated by using average employment rate as a per cent of annual population ages 15-64, which is 48.5 per 
cent (McKinley, 2005). Real remittances is defined as the sum of workers’ remittances, employee 
compensation and migrant transfers, and is deflated by GDP Deflator ( R ), aid is proxied by variable real Net 
Official Development Assistance and Official Aid Received ( ODA ), export is proxied by variable real 
Exports of goods and services ( X ) and trade openness is proxied by ratio of the sum of exports and imports 
to GDP (OPEN ). All data are USD denominated, and are expressed in logarithm except inflation. 
 
3.2 Unit Root Test 
 
Many macroeconomic time series data contain unit root, thus, it is imperative to test the stationarity of a 
time series as the nonstationarity regressors invalidate the empirical results and analysis. Thus, the 
Augmented Dickey-Fuller (ADF) test is performed.  Table 1 presents the results of the unit root tests for all 
variables, where ADF unit root tests do not reject the null hypothesis of unit root at level in all variables for 
all countries at 5 per cent or 10 per cent, but reject the null at first-difference in all variables, indicating that 
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all variables are integrated of order one, I (1). Therefore, the maximum order of integration of the series 
( d max ) in the system is 1. 
    
Table 1: The results of ADF test 
Variable Level (constant) Level (constant 
and trend) 
1st Difference 
(constant) 
1st Difference 
(constant and 
trend) 
GDPpc 3.623511 (3) -2.586766 (8) -4.659977 (0)* -3.065688 (7) 
CAP 0.385020 (0) -1.952467 (0) -4.963949 (0)* -5.048123 (0)* 
LAB 4.073825 (4) -0.790800 (4) -2.416922 (3) -5.297270(3)* 
R -0.867564 (0) -1.281351(0) -5.454665(0)* -5.418906(0)* 
ODA -1.690127(2) -0.827053(0) -4.936262(0)* -4.927565(0)* 
X 0.569695(0) -1.007430(0) -4.764600(0)* -5.067576(0)* 
INF -1.311512 (0) -1.846283 (0) -5.742390 (0)* -5.726878 (0)* 
              Notes: The number of optimum lags is in the parentheses according to AIC.  
             (*), (**) and (***) denote significant at 1 per cent, 5 per cent and   10 per cent respectively 
 
3.2 Cointegration Tests 
 
        As the results from unit root tests clearly show that all variables are I (1), Johansen and Juselius         
cointegration tests are employed to determine whether these non-stationary variables are cointegrated.  These 
procedures warrant that the obtained coefficients are symmetrically distributed and provide unbiased median. 
Also, the conducted hypothesis testing employs the standard asymptotic chi-squared tests. 
       Table 2 below shows the results of both trace and maximum eigen value tests. The optimal lag length is 
determined by the Akaike (1974) Information Criterion (AIC) criteria, and a VAR system of k lags is 
estimated for various lag lengths. It is found that all series’ optimal lag lengths are 2. Nevertheless, Cheung 
and Lai, 1993, have demonstrated that Johansen’s likelihood ratio (LR) tests are derived from asymptotic 
results, thus standard inferences in finite samples are misleading. Often, cointegration relationships are found 
in finite samples when asymptotic critical values are used. Thus, Reimers, 1992, and Reinsel and Ahn, 1992 
have suggested Johansen’s test statistics are adjusted using scaling factor of TnkT /)(  where T is the 
sample size, n  is the number of variables in the estimated system and k is the lag length. In this paper, the 
computed test statistics are calculated based on Reinsel and Ahn, 1992, scaling factor. 
       
Table 2: Testing for co-integration using Johansen and Juselius method 
Hypothesized 
no of Ce(s) 
Eigenvalue Trace 
Statistics 
Critical Value 
0.05 
p-value Max-Eigen 
value 
Statistics 
Critical Value 
0.05 
p-value 
None* 0.983772 184.8779 125.6154 0.0000 77.57259 46.23142 0.0000 
At most 1* 0.867905 107.3054 95.75366 0.0000 38.10321 40.07757 0.0000 
At most 2 0.750051 69.20218 69.81889 0.0000 26.09879 33.87687 0.0020 
At most 3 0.658312 43.10339 47.85613 0.0000 20.21378 27.58434 0.0058 
At most 4 0.556405 22.88961 29.79707 0.0034 15.30057 21.13162 0.0095 
At most 5 0.293907 7.589041 15.49471 0.1185 6.550747 14.26460 0.1475 
At most 6 0.053666 1.038295 3.841466 0.1840 1.038295 3.841466 0.1840 
Note: (*), (**) and (***) significant at 1 per cent, 5 per cent and 10 per cent respectively. 
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The results suggest the existence of at least two cointegrating relationships among variables in the series at 5 
per cent level of significance, implying that these series are driven by at least two common trends. Results of 
cointegrating equation show that the long run equilibrium is: 
 
INFXODARLABCAPGDP 1134.02987.00412.00347.06419.22005.0   
 
The above equation clearly shows that all variables, except aid, are positively and significantly        
cointegrated with growth. A 1 per cent rise in capital, labour, remittance, export and inflation are expected to 
contribute about 0.2 per cent, 2.6 per cent, 0.03 per cent, 0.3 per cent and 0.1 per cent to economic growth 
respectively in Sudan. However, 1 per cent increase in aid will reduce GDP by 0.04 per cent. All coefficients, 
however, are small except for labour.  This is not surprising, since Sudan is heavily depending on agriculture 
sectors that are manually based, which the increase in labour stock will contribute to higher growth.   
Exports and remittances are found to have significant positive impacts on GDP growth in Sudan. These 
impacts are further helped by Sudan’s significant positive absorptive capability and high levels of 
productivity. Nevertheless, the inflation surges with growth. There is the probability that through a 
combination of fiscal, monetary and foreign aid policies, the trade-off between inflation and growth is being 
experienced. 
This result presents evidence that foreign aid has a detrimental effect on growth in Sudan.  One possible 
reason is that foreign aids substitute the domestic resources instead of compliment it in the long run. Other 
reasons include foreign aids may hinder the development of a sound tax-system, generate a culture of 
dependency, fail to provide more equitable distribution of domestic wealth, and promote corruption and 
bureaucracy inefficiency (Gupta et. al., 2004). This is the evidence why in Sudan is ranked at 173 out of 176 
on Transparency International’s Corruption Perceptions Index 2012 (CPI). Sudan was previously rated in the 
bottom 23.9 per cent of countries in the World Bank’s Control of Corruption Index, now it delves into the 
bottom 4.3 per cent. 
 
3.3 Toda-Yamamoto 
 
     One can infer that there is an existence of causal relationship in at least one direction once the 
cointegration relationship is established. Causality relationship is investigated using Toda-Yamamoto (T-Y) 
approach (1995), as this technique is appropriate for non-stationary data. The T-Y procedure involves an 
augmented VAR, estimating the following equations (Eq. 5 and Eq. 6) for bivariate case, as we will estimate 
pair by pair: 
 
HEDU tx jt
dk
j
jy it
dk
i
iyt 1
max
1
1
max
1
11 ¦

 
¦

 
                                                                       (5)          
HEDU ty jt
dk
j
jx it
dk
i
ixt 2
max
1
2
max
1
22 ¦

 
¦

 
                                                                        (6) 
 
 
 
where k is the optimal lag-length of VAR model at level and it is determined through Akaike Information 
Criterion as stated previously.  The optimal lag determined are 3 for variable CAP, 2 for variable LAB, 5 for 
variable R, 5 for variable ODA, 5 for variable X and 4 for variable INFL, thus the augmented VAR 
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( dk max ) (VAR 4, VAR 3, VAR 6, VAR 6, VAR 6 and VAR 5) models for both Eq. 5 and Eq. 6 are 
estimated respectively using the SUR method. Causality between growth and remittance is then tested using 
modified WALD test, where null hypothesis of 01  E i  ( xt does not cause yt ) and null hypothesis of         
02  E i ( yt does not cause xt ) are rejected if the p-values are less than the significance level. The results of 
T-Y causality test are presented in Table 3 below. 
 The null of no causality from AID to GDP is rejected at 1 per cent, while the null of no causality from GDP 
to AID could not be rejected. This implies that there is uni-directional causality from AID to GDP. Also, the 
Toda-Yamamoto test confirms the presence of uni-directional causality which runs from labour to GDP. At 
the same time, a uni-directional causal relation is also found from GDP to capital not the other way. 
Furthermore, no causal relationship is found between export and growth, as well as between inflation and 
growth.  
 Our result also suggests that there is complementarity between remittance and growth, as we reject the null 
of no causality from remittance to GDP, as well as from GDP to remittance at 5 per cent and 1 per cent 
respectively. Therefore, as remittance increases, GDP rises too, vice versa. The possible reason of causality of 
remittances on growth include the multiplier effect, where spending on domestically produced goods and 
services will lead to higher level of investment activities.  This means, a rise in investment of one household 
could also create a rise in income to another household, as well as the expansion of one sector could very well 
enhance the optimum size of another sector.  
Another possible explanation is remittance may alleviate the credit constraint of households, thus encourage 
the entrepreneurial activities and increase domestic investment. Remittances also finances human capital 
development such as education and health, which are also the significant variables in stimulating long run 
economic growth (Chami et al., 2003). 
 
                       Table 3: Toda-Yamamoto Causality (modified WALD) Test Results 
Hypothesis Chi-Sq p-value 
No causality from AID to GDP 16.51560 0.0055* 
No causality from GDP to AID 4.898736 0.4284 
No causality from CAP to GDP 3.040357 0.2187 
No causality from GDP to CAP 5.968812 0.0506** 
No causality from X to GDP 8.417361 0.1347 
No causality from GDP to X 6.175794 0.2895 
No causality from INF to GDP 7.210633 0.1252 
No causality from GDP to INF 3.598984 0.4630 
No causality from LAB to GDP 21.72253 0.0000* 
No causality from GDP to LAB 0.444334 0.8008 
No causality from R to GDP 11.94286 0.0356** 
No causality from GDP to R 21.66375 0.0006* 
                          Note: (*), (**) and (***) significant at 1 per cent, 5 per cent and 10 per cent respectively. 
 
4.  Conclusions 
 
The role of export, overseas development aid (ODA) and remittance inflows in relation to economic 
growth in Sudan is examined in this paper, for the periods of the year 1977-2010 using the Johansen         
Cointegration technique within the augmented Solow-model approach. The results reveal that there is a long 
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run positive relationship between growth, export and remittance, supporting the export-led growth and 
remittance-led growth hypotheses for Sudan, while aid-growth hypothesis is rejected. Nevertheless, it is found 
that there is a uni-directional causality from AID to GDP, which is in line with conclusions of many previous 
empirical studies discussed previously. Furthermore, no causal relationship is found between export and 
growth, while there is a bi-directional causality between economic growth and remittance for Sudan.  
       Finally, as the empirical research has shown that ODA has a detrimental effect on the economic growth, 
Sudan must strive to cease being highly dependent on foreign aids and be financial independence. Exports and 
remittances, on the other hand, are determinants of growth, thus efforts must be made to promote these 
channels. Thus, there is a need to manage and boost greater inflow of traditional capital such as aid and the 
contemporary capital like remittances, besides stimulating greater trade liberalization. 
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